Studies of the mitogen-activated protein kinases and phosphatidylinositol-3 kinase in the lens. 2. The intercommunications.
The lens possesses comprehensive mitogen-activated signal transduction pathways (MAPK), which include the mitogen response pathway (Raf-MEK-ERK cascade), the stress-response pathways (p38 and SAPK/JNK cascades) and also the survival pathway (PI-3K-Akt). To understand the cross-cascade intercommunication among signal transduction pathways in the lens, we used specific protein kinase inhibitors and cultured the lenses under unstimulated, basic fibroblast growth factor (bFGF)- or galactose-treated conditions. Inhibitors included genistein (tyrosine kinases inhibitor), U0126 (MEK inhibitor), SB203580 or SB202190 (p38 inhibitor), FTS (Ras inhibitor), wortmannin (PI-3K inhibitor) or phorbol ester (protein kinase C down-regulator following long-term exposure). The results showed that genistein inhibited the activations of the members of the MAPK superfamily and the activation of PI-3K. FTS suppressed the activation of Raf and PI-3K but stimulated the other members of MAPKs. MEK inhibitor restrained the activations of ERK, SAPK/JNK (under bFGF-stimulated condition) and p38 (under galactose-stimulated condition) while p38 inhibitor suppressed ERK but stimulated SAPK/JNK. Both MEK and p38 inhibitors stimulated PI-3K. Wortmannin had a strong inhibitory effect on Raf but little effect on its downstream target proteins. Down-regulating PKC suppressed Raf and PI-3K but stimulated ERK. Taken together, these data suggest that all the stimuli responses are mediated through phosphorylation and that the signaling among the mitogenic and stress response pathways is integrated through 'cross-talk' to process the most appropriate response. The survival signaling pathway appears to communicate well with the mitogenic and stress response pathways. In addition to Ras, both Raf and MEK emerge to be the diverging or regulatory points for signal integration, amplification, suppression or compensatory action in the lens.